The atrioventricular (AV) groove constitutes the anatomic space separating the atria and ventricles. The AV groove is often difficult to visualize at echocardiography, and suspected lesions can be further assessed with cardiac computed tomography or magnetic resonance imaging. AV groove lesions may originate from within the AV groove or extend into this space from adjacent structures. The differential diagnosis for AV groove lesions is often wide, but a precise diagnosis can sometimes be made. This pictorial essay illustrates the magnetic resonance imaging and computed tomography appearance of common and uncommon AV groove lesions, and attempts to provide a logical framework for differential diagnosis when confronted with a known or suspected lesion at cross-sectional imaging.
The atrioventricular (AV) groove (also known as the coronary sulcus) constitutes the anatomic space encircling the right and left AV valves, and contains the right and circumflex coronary arteries, the coronary sinus, fat, and small nerves and lymphatic vessels. The AV groove can be a difficult region to visualize with echocardiography, and referrals for cross-sectional imaging for further characterization of a lesion or potential pseudolesion are not uncommon in our practice.
AV groove lesions may originate from within the AV groove or extend into this space from adjacent structures such as the atria, ventricles, valves, and pericardium. The differential diagnosis for AV groove lesions is often wide, but a precise diagnosis (or nondiagnosis in the case of pseudolesions) can occasionally be made. This pictorial essay illustrates the appearance of common and uncommon AV groove lesions with magnetic resonance imaging (MRI) and computed tomography (CT), and attempts to provide a logical framework for differential diagnosis when confronted with a known or suspected lesion at cross-sectional imaging.
General Considerations

CT Technique
Electrocardiographic (ECG)egated cardiac CT or coronary CT angiography (CTA) is generally preferable to nongated CT; however, images may be diagnostic even on nongated studies, particularly when high pitch, rapid scan protocols are employed using modern multidetector systems. ECG-gated cardiac CT examinations can be acquired using prospective or retrospective gating. Prospective gating has the advantage of significantly lower radiation doses, whereas retrospective gating offers the opportunity to reconstruct cine images demonstrating the effect of AV groove lesions on cardiac function. Retrospective gating also allows more flexible reconstruction of images at different phases of the cardiac cycle, which may minimize motion artifact. Cardiac medications frequently employed in coronary CTA (beta-blockers such as propranolol to reduce the heart rate and vasodilators [typically nitroglycerin] to distend coronary arteries) are also useful in imaging AV groove lesions. Slow heart rates (below 60 beats/min) are particularly helpful for minimizing artifact when using prospective gating. Vasodilators may provide optimal visualization of vascular lesions. Contrast-enhanced images are typically acquired to correspond to arrival of the contrast bolus in the ascending aorta and coronary arteries. Additional delayed images acquired 30e60 seconds after the first acquisition are helpful in characterizing the enhancement pattern of AV groove lesions. Noncontrast CT images are helpful for identification of calcified lesions (eg, caseous mitral annular calcification).
MRI Technique
All MRI acquisitions should be ECG gated if possible. Black-blood double or triple inversion recovery fast spin echo images provide proton density and T2-weighted contrast. Bright-blood balanced steady-state free precession images have combined T2-T1 contrast weighting and are useful for assessing wall motion and vascular structures. Perfusion images, typically T1-weighted spoiled gradient echo images, can be acquired rapidly during the first pass of gadolinium-based contrast agents, and are useful for demonstrating early enhancement of AV groove lesions. Higher spatial resolution T1-weighted inversion recovery, or late gadolinium enhancement images, can demonstrate enhancement of AV groove lesions following gadolinium administration.
CT vs MRI
MRI has superior soft tissue characterization in comparison with CT, with the exception of visualization of calcium, and may provide additional information helpful for characterization of AV groove masses. CTA is usually the preferred study for evaluation of a known or suspected vascular lesion in the AV groove, although MRI is often adequate if CT is contraindicated or intravenous contrast cannot be administered. CT is generally a much faster examination, and may be preferred in claustrophobic patients. In patients with contraindications to intravenous contrast agents MRI is preferred, except for characterizing calcified lesions. Table 1 provides a description of imaging characteristics and differential diagnostic considerations for AV groove lesions, and Table 2 provides a breakdown of differential diagnosis for AV groove masses based on imaging characteristics. 
Masses
Metastatic cardiac tumours are much more common than primary neoplasms, and can occur anywhere within the heart and pericardium, including the AV groove ( Figure 1 ). Autopsy studies have demonstrated cardiac metastases in 10%e15% of patients with metastatic malignancy, with melanoma, lung cancer, lymphoma, and breast cancer the most common primary tumours [1] . A history of metastatic primary neoplasm is usually elicited and helps in distinguishing these lesions from a primary tumour centred in or invading the AV groove. Angiosarcoma (Figure 2) is the most common primary cardiac malignancy, with peak incidence in the third to fifth decades. The right atrium is the site of origin in 75% of cases, and these aggressive and infiltrative lesions frequently extend across the AV groove and along the right ventricular free wall [2] . Cardiac lymphomas (Figure 3) can have a variety of manifestations; however, a well-recognized presentation is that of a homogeneous, infiltrative mass encasing coronary arteries and traveling along the AV groove, with more frequent involvement of right-sided cardiac chambers. Secondary cardiac involvement in patients with systemic lymphoma has been found in approximately 10% of patients at autopsy; primary cardiac lymphoma is much less common [3] . Direct extension of lung and mediastinal tumours into the AV groove can also occur. Figure 4 illustrates a patient with invasive thymoma extending inferiorly to encase the aortic root and extend into the superior right and left AV grooves. Primary cardiac paraganglioma ( Figure 5 ) is a rare lesion, but with classic features which can suggest the diagnosis. Paragangliomas are chromaffin tumours arising from neural crest cells, and may secrete catecholamines, leading to characteristic symptoms of palpitations and hypertension. Only 1%e2% of paragangliomas occur in the chest, with most of these arising in the posterior mediastinum. Right AV groove paragangliomas have been described in several case reports, and typically present as a hypervascular mass, often with blood supply parasitized from the right coronary artery (RCA) [4] . Very high signal intensity on T2-weighted images may be seen in paragangliomas ( Figure 6 ). In our experience, this feature is not universal (similar to the appearance of adrenal pheochromocytomas) but when present can be helpful in the differential diagnosis. Differential diagnosis for a hyperenhancing AV groove lesion should also include hypervascular metastasis such as melanoma. Cardiac or pericardial lymphangiomas (Figure 7 ) are rare cystic lesions predominantly affecting children, and composed of thin-walled lymphatic channels. The pericardium is probably the most common site of origin; however, lesions have been reported arising from all cardiac chambers, and infiltrative involvement extending across the AV groove (as seen in Figure 7 ) is not unusual [5] . A cystic appearance with high signal intensity on T2-weighted images is typical, and a few case reports have also described high T1 signal intensity, likely consistent with proteinaceous fluid content. Cardiac schwannomas (Figure 8 ) are rare benign tumours believed to originate from the cardiac plexus or the cardiac branch of the vagus nerve, and therefore most often involving the right side of the heart [6] . Schwannomas are typically well-circumscribed tumours. A target appearance on T2weighted images (central hypointensity with peripheral hyperintensity) reflecting a central fibrocollagenous core surrounded by myxomatous tissue) might suggest a neurogenic origin of this lesion. The enhancement pattern is following contrast administration is somewhat variable; however, slow internal enhancement favors the diagnosis of schwannoma over a more hypervascular lesion such as paraganglioma.
Inflammatory or Proliferative Disorders
Erdheim-Chester disease (ECD) (Figure 9 ) is a non-Langerhans form of histiocytosis characterized by xanthomatous infiltration of involved tissues by foamy histiocytes surrounded by fibrosis. Skeletal involvement is almost universally present, with symmetric bilateral metadiaphyseal osteosclerosis of the long bones. Cardiac involvement is increasingly recognized and has significant prognostic implications, with death related to cardiovascular involvement in approximately one-third of cases. The most frequent cardiac manifestations of ECD are infiltration of the right > left AV groove with enhancing soft tissue, often encasing the coronary arteries, pericardial thickening, enhancement, and effusion, and nodular or mass-like thickening of the right atrial wall [7] . The diagnosis of ECD can be suggested by the presence of 1 or more of these findings as well as by typical extracardiac manifestations, including periaortic and perirenal infiltration, and exophthalmos with retro-orbital mass. IgG4-related disease ( Figure 10) is a systemic disease characterized by elevated serum IgG4 levels and IgG4-positive lymphocytic infiltration of multiple organs and tissues with subsequent development of fibrosis. Cardiac involvement is increasingly recognized, with pericarditis, infiltration of the AV groove, or coronary artery pseudotumours most often reported. The extensive soft tissue infiltration of the RCA seen in Figure 9 has been termed ''pigsin-a-blanket coronary arteries'' by the authors who first described this appearance [8] . Cardiac involvement in sarcoidosis ( Figure 11 ), a systemic chronic granulomatous disease, can cause life-threatening complications, and is responsible for 13%e25% of sarcoidosis-related deaths in the United States [9] . Cardiac sarcoidosis can be seen with MRI as myocardial delayed enhancement in nonvascular subepicardial or midmyocardial distributions with corresponding myocardial oedema on T2-weighted images in active disease or without oedema in the setting of chronic scarring. There is a predilection for involvement of the basal septum, and infiltration into the inferior AV groove, as shown in Figure 11 , and interatrial septum can occasionally be seen.
Vascular Lesions
Coronary artery aneurysms ( Figure 12 ) may occasionally be mistaken for AV groove masses at echocardiography, particularly when there is abundant peripheral thrombus.
Cross-sectional imaging with CT or MRI allows confident diagnosis as well as delineation of the size and extent of the aneurysm. Aneurysms of coronary artery bypass grafting (CABG) ( Figure 13 ) are rare complications, occurring in <1% of patients [10] ; however, asymptomatic CABG aneurysms are more often encountered as cross-sectional cardiac imaging is performed more frequently and image quality improves. Most saphenous vein CABG aneurysms are detected 10e15 years after surgery, and most patients are asymptomatic. Potential complications include myocardial ischemia or infarction, rupture, or fistula formation. Aneurysmal dilatation of a coronary artery can also occur in the setting of a coronary artery fistula (Figure 14) , where abnormal communication of the coronary artery with a cardiac chamber, pulmonary artery, or coronary sinus or cardiac vein leads to reduced vascular resistance, increased flow, and eventually dilatation of the involved artery. Long-standing fistulas can result in massive aneurysmal dilatation of the involved coronary artery, as seen in Figure 14 . The RCA is most often involved (50%), with a left-right shunt occurring in most lesions. Coronary CTA is often very helpful in documenting the size of the involved coronary arteries, the presence of thrombus, and the anatomy of the fistula [11] .
Cardiac Chamber Aneurysms or Pseudoaneurysms
Aneurysms or pseudoaneurysms of the atria or ventricles can occasionally protrude into the AV groove ( Figures 15  and 16 ), where they may be mistaken for a coronary artery aneurysm or a focal mass. These may occur in the region of the mitral annulus following mitral annuloplasty ( Figure 15 ) or as complications of other cardiac surgery, or secondary to infarction, infection (most commonly endocarditis), or trauma [12] . MRI and CT are helpful in delineating the origin of these blood-filled structures projecting into the AV groove.
Pericardial Lesions
The pericardium constitutes the outer border of the AV groove, and therefore pericardial lesions should be in the differential diagnosis of AV groove masses. The lenticular chronic pericardial hematoma shown in Figure 17 is a relatively straightforward diagnosis on CT or MRI, but may be difficult to characterize with echocardiography.
Pseudolesions
Prominent fat in the AV groove ( Figure 18 ) can occasionally have a mass-like appearance at echocardiography [13] . CT or MRI can confirm the diagnosis by demonstrating abundant fat in the AV groove and the absence of a focal mass. Although the RCA typically travels in the AV groove, segments of the artery may pass through the right atrium ( Figure 19 ). This normal variant has occasionally been misdiagnosed as an infiltrative mass encasing the RCA. Knowledge of variant anatomy as well as demonstration that the structure surrounding the RCA is the right atrium allows confident diagnosis. Caseous degeneration of mitral annular calcification may protrude into the AV groove and be mistaken for a mass (Figure 20) . Mitral annular calcification is common, particularly among the elderly, with caseous calcification (focal calcification appearing as a round mass with soft central caseous necrosis) considered a relatively rare variant. The presence of calcification (best identified on noncontrast CT images) and continuity with the mitral annulus (which almost always has additional calcification) are diagnostic [14] . CT is probably preferable to MRI when this diagnosis is considered, as calcification can have a variety of appearances with MRI.
Conclusions
CT or MRI are often helpful in evaluating lesions of the AV groove. Soft tissue masses can be characterized and staged, the source of vascular lesions can be determined, and common pseudolesions are usually easily identifiable.
